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The Affects of Root Space Restriction on Helianthus annuus
Kayla A. Malarkey 
 Western Oregon University 345 Monmouth Ave N, Monmouth OR
BACKGROUND
        As space for crops becomes more limited, it is 
important to determine what affects this will have. One 
study looked at how root space restriction impacted the 
physiological functions of plants. It found that plants 
generally had less of an ability to obtain water and 
nutrients, thus increasing stress (Iersel, 1997).  It has, also, 
been found that root restriction impacts the overall 
growth of a plants, especially when it comes to biomass 
and height (Kharkina et al., 1999). Other studies have 
shown similar findings. Canopy size, for example, 
dramatically decreased when root space is limited (Myers, 
1992). However, despite the decrease, there was more 
reproductive growth, suggesting that the plants were using 
more of resources to reproduce.
        For this study, H. annuus  was used to determine its 
physiological functions during root restriction. H. annuus, a 
huge oil crop, generally grows to be a height of 3 meters 
with a large flower. It uses a medium amount of water. It 
needs a large amount of sunlight for optimal growing 
conditions. (Plant Database).
Treatment Set Up
The control Helianthus annuus were germinated in 1-ounce plastic 
pots, then transferred into 1-gallon pots; while, the root restricted 
plants were germinated in 1-ounce pots, then transferred into 4-ounce 
pots. The plants were watered and fertilized in the first week of 
growth. After the first fertilization, no other fertilizer was added. The 
plants were watered every other day for the first 3 weeks, and then 
they were watered every day until the project was complete. 
Dark PSI, SLA, Stomatal Density, and Midday PSI Data Collection
All plants were placed under black plastic bags to allow them to dark 
acclimate 12 hours before data collection. The newest, fully developed 
leaf was used for dark acclimated leaf water potential (PSI; Pressure 
Bomber, PMS Instrument Co, Corvallis, OR), stomatal density (nail 
polish, Wet n’ Wild, Industry, CA), and SLA (ImageJ, National Institutes 
of Health, Bethesda, MD) . The plants were reacclimated to the light 
for 3 hours, and a second cutting was made to test midday acclimated 
leaf PSI measurements
Light Curve, Maximum Photo Synthesis, Transpiration and 
Conductance Data Collection
The LI-6400XT (Portable Photosynthetic System, Li-Cor, Lincoln, NE) 
was used to take Maximum Photosynthesis, Transpiration, 
Conductance and a Light Curve of all plants from 1030 to 1600. The 
LI-6400XT was set to the ambient room temperature with a CO2 
concentration of 400ppm, and photosynthetically activated radiation 
(PAR) of 1500µmolm-2s-1. The machine was switched to control leaf 
temperature, chamber water concentration and a target CO2 
concentration of 390ppm. Once stable conditions were met, the PAR 
was slowly lowered by 300µmolm-2s-1 until 0µmolm-2s-1 was reached. 
Minimum Transpiration and Conductance Data Collection
The newest, most fully developed leaf was removed from all plants. 
The leaves were scanned using an EPSON Scanner and analyzed using 
ImageJ. The leaf petioles were wrapped in parafilm to deter water 
loss. The leaves were then weighed every 10 minutes for 1 hour. 
Shoot Biomass Data Collection
Leaf blades were removed from all plants, and placed into separate 
bags. The stem and petioles were cut from all plants, and placed into 
paper bags. The leaves, stems, and petioles were dried in a drying 
oven a 48-hour period. The masses were weighed and recorded. 
METHODS AND MATERIALS
The restricted root space will negatively impact the plants 
shoot system and general physiological functions due to 
the container having a direct impact on the plants ability 
to aquire water and nutrients. 
HYPOTHESIS
GRAPHS AND RESULTS
Figure 1: The  affects of root restriction on water potential during the least (dark) and 
most stressful (midday) times of day. Averages are shown (n=6). Black bars show ±1 SD.
Results:
Root restricted plants experienced significantly less water potential stress 
during dark acclimated conditions (t8=-2.89, P<0.05). Root restriction did not 
impact water potential during midday acclimated conditions. (t4=-0.74, 
P>0.05). 
Figure 2: The  affects of root restriction on stomata development on the adaxial (top of 
leaf) and abaxial (bottom of leaf). Averages are shown (n=6). Black bars show ±1 SD.
Results:
Root Restriction had a significantly negative impact on the amount of adaxial 
stomata produced (t8=3.51, P<0.05). It did not, however, have a significant 
difference in abaxial stomatal density (t8=0.71, P>0.05).
A)
B)
C)
      Root restriction negatively impacts some physiological functions of plants. 
There were negative impacts on adaxial stomatal density, SLA, dark respiration, 
and average photosynthesis of a week 6 leaf. These findings were also 
reflected in Iersel’s study and makes  physiological sense. With the decrease in 
space to grow, the plant is going to be restricted in the amount of 
photosynthesis it can do. The decreased photosynthesis limits the number of 
stomata produced. The decreased number of stomata also influenced the Dark 
acclimated PSI; it caused there to be less stress on the root restricted plant. 
The root restricted plant produced more leaf mass compared control plants. 
However, the leaves of the root restricted plants were much smaller than the 
control plants. 
      There were also measurements that showed root restriction not having an 
affect on plant physiology, such as midday acclimated PSI, Minimum 
transpiration, conductance, stem height, number of leaves, and the light curve 
data. This demonstrates that despite the plant being physically limited in root 
space, it was still able to be as photosynthetically active as the control plant, 
when comparing the overall plant. 
      Overall, I found that juvenile plants are not as effected by root restriction. It 
is possible that if the study had continued  there would be more of an effect on 
the reproducing plants. I did notice that the root restricted plants were moving 
toward the reproductive phase much faster than the control plants. 
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Figure 3: The affects of root restriction on minimum transpiration (A) and minimum 
conductance (B). Averages are shown (n=6). Black bars show ±1 SD.
Figure 5: The light response curve of both control and root restricted plants showing the affects of root restriction on photosynthesis 
physiological measurements. Averages are shown (n=3). Grey bars show ±1 SD. Labeled black bars show where measurements were taken 
from to form Table 1.  
Figure 6: The affects of root restriction on average mass of all leaves (A), average mass of a single leaf 
during week 6 (B), and the average Photosynthesis of a leaf during week 6 (C). Averages are shown 
(n=6). Black bars show ±1 SD.
Figure 4: The affects of root restriction on number of leaves produced (A), stem height (B), and standard leaf area (C). Averages are shown (n=6). 
Black bars show ±1 SD.
Results:
Root restriction did not have an impact on minimum transpiration or 
conductance (t8=-1.00, P<0.05, t8=-1.00, P<0.05).
Results:
Root restriction did not significantly impact stem height or change in leaves (t8=-0.326, P>0.05, t8=-0.688, P>0.05); however, 
root restriction had a negative impact on standard leaf area (t4=19.00, P<0.01). 
Results:
Root restriction did not impact the light curve, Light Compensation Point, Quantum Use Efficiency, Maximum Transpiration or 
Maximum Conductance (t4=-0.0783, P>0.05, t8=0.8620, P>0.05 t4=-0.7177, P>0.05, t8=-1.000, P>0.05, respectively). Root 
restriction did impact Dark Respiration Rate (t4=-13.603, P<0.001). 
Results:
Root Restriction had a positive impact on the average leaf mass (t8=-2.970, P<0.01) Root 
Restriction also had a positive impact on the average leaf mass of a week 6 leaf; however, 
this point is most likely driven by an outlier (t8=-2.880, P<0.05 ). Root Restriction had a 
negative impact of the average photosynthesis of a single leaf during week 6 (t5=7.080, 
P<0.001).
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